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Abstract
In this paper, the current situation of comprehensive evaluation of business intelligence system (BIS) is analyzed, and 
the objectives and principles of establishing the evaluation system are elaborated. The evaluation index system of BIS 
is structured, and the Analytical Hierarchy Process (AHP) technique is used to confirm the index weights, and the 
fuzzy TOPSIS is selected to determine the synthetically scores of different companies’ BIS. Then how to use BP 
neural network to evaluate BIS is discussed. The simulation results finally verify the scientific and effectiveness of 
this method. The study will provide a more scientific and reliable basis for systems engineering decision analysis.
© 2011 Published by Elsevier Ltd. Selection and peer-review under responsibility of Desheng Dash Wu
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1. Introduction
Modernized enterprise business operations can produce large amounts of data, and traditional analysis 
tools and methods have been unable to meet timely and accurately requirements of business analysis,
therefore the business intelligence system (BIS) is emerged as the times require. With the development of 
information technology, the BIS have been exploited widely in enterprises, and most of them are using it 
to do with business quickly and efficiently. Modern BIS reflects a rational management decision-making 
ability. It can integrate from multiple date types of different sources and discover new knowledge from 
data to improve accuracy of forecasting and decision-making process.
In recent years, domestic and foreign scholars actively engaged in researching on BIS, and some 
results have been achieved in theoretical research and practical application. Gartner Group was first 
proposed BIS, which was defined as a class of technology and application to help corporate decision-
making that made up of data warehouse, query and reporting, online analysis, data mining, data backup 
and recovery and so on [1]. The BIS evaluation models were established from different levels, and AHP 
and fuzzy comprehensive evaluation methods were used to assess [2-4]. The support vector machine was 
chosen to evaluate the BIS [5]. A fuzzy multi-criteria approach, including fuzzy AHP and fuzzy TOPSIS 
methods, were proposed to assess the BIS [6-8]. Different evaluation BIS performance models were built 
from the business perspective [9-11]. Although the above methods have basically achieved the desired 
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goals, there are some defects such as large subjective and arbitrary and low accuracy to determine
indicators and no large-scale evaluation. Therefore, the systematic study and analysis on comprehensive 
evaluation of BIS will promote system beneficially.
To be solved the problems of evaluation of BIS, a comprehensive evaluation index system of BIS is 
established according to the construction principles, and an overall evaluation method based on BP neural 
network is proposed. In this paper, the objectives and principles of overall evaluation system of BIS are 
described. On the basis of the evaluation index system, the Analytical Hierarchy Process (AHP) technique 
is presented to obtain the index weight, and the fuzzy TOPSIS is chosen to determine the operation 
condition of different companies’ BIS, then how to use BP neural network to evaluate BIS is discussed. 
The simulation results finally verify the feasibility and effectiveness of this method.
2. Building the BIS comprehensive evaluation index system
2.1. The objectives and principles of BIS comprehensive evaluation index system
The objectives of BIS comprehensive evaluation index system are to reflect accurately benefits for 
enterprises due to the application of system and to help companies adjust policies and strategic planning 
and support management decision-making and engage in commercial activities.
There are 4 principles should be followed to establish a scientific and reasonable index system.
(1) System principle. The index system should meet the overall evaluation function is greater than the 
simple sum of sub-indicators.
(2) Accuracy principle. The selected indicators can reflect the implementation of BIS in firms.
(3) Independence principle. The indicators in the same level should not have containing relationships 
and too much information inclusive.
(4) Comparability principle. The chosen indicators, whether qualitative or quantitative, can be used for 
horizontal and vertical comparison.
2.2. Comprehensive evaluation index system
Based on the above objectives and principles, the BIS comprehensive evaluation index system is 
established, which include system construction operation and maintenance, system user satisfaction, 
system internal and external influences. The details are given by figure 1.
BIS(Goal)
System construction 
operation and 
maintenance (A)
System user 
satisfaction(B)
Internal  
influences(C)
External 
influences(D)
A1 Information infrastructure
A2 Management support
A3 Maintainability
A4 Safety and reliability
A5 Full participation
A6 Resource utilization
B1 Real-time
B2 Practicality
B3 Friendly   
B4 Economy
C1 Decision-making
C2 Customer identification
C3 Cost value
C4 Innovative business model
D1 Sharing
D2 Leading
D3 Cost-effective
D4 Information Quality
Fig. 1. BIS Comprehensive Evaluation index system
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(1) Construction, operation and maintenance indicators
There are 6 second indicators in view of the BIS construction, operation and maintenance.
1) Information infrastructure. It refers to the software and hardware environment and network 
infrastructure.
2) Management support. It mainly refers to the cooperation and support of construction and 
implementation of BIS for different departments.
3) Maintainability. This degree will directly affect the efficient operation in enterprises.
4) Safety and reliability. It refers to the system is not affected by natural and man-made threats and 
damage during its operation.
5) Full participation. It represents the degree of information democracy and sharing in firms.
6) Resource utilization. It refers to utilization of hardware and software equipments, data information 
and human resources. 
(2) Customer satisfaction index
There are 4 second indicators in consideration of the internal staff satisfaction.
1) Real-time. It refers to the ability to provide timely information to users for data mining.
2) Practicality. It represents the actual use of the system in enterprises.
3) Friendly. It mainly refers to the good degree of man-machine interface.
4) Economy. It refers to the user using the system need to pay the total costs are reasonable.
(3) Internal influences indicators
There are 4 second indicators with the view of the impact on internal in enterprises.
1) Decision-making. It refers to use the system to analyze and process data and mining valuable 
information to improve decision-making level.
2) Customer identification. It represents the system to meet the needs of different users to improve the 
degree of customer relationships.
3) Cost value. It refers to investment and expansion of system to promote cost value. 
4) Innovative business model. It refers to use information means to deal with lots of business and 
innovative model to enhance competitiveness.
(4) External influences indicators
There are 4 second indicators considering the impact on external in enterprises.
1) Sharing. It mainly refers to the sharing of information among systems, including the integration of 
various industry resources and prevention duplication of similar systems.
2) Leading. It represents the guiding of system which has been built to which is not built.
3) Cost-effective. It mainly refers to economic, social and sustainable development benefits.
4) Information Quality. It represents accuracy, validity and reliability of information data.
3. The overall evaluation method of BP neural network based on fuzzy TOPSIS
3.1. The fuzzy TOPSIS method
The fuzzy TOPSIS method is based on the sort of ideal point, which is derived from the determination 
problem of the multivariate statistical analysis. The fuzzy TOPSIS is employed to determine the different 
companies' scores of BIS. Fuzzy TOPSIS steps can be given as follows:
Step 1: Normalized decision matrix model
According to alternative values under various properties, we can obtain the decision matrix D .In terms
of attributes types in decision-making problems, normalized decision matrix R is calculated as:
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Where the property is benefit, we choose equation 1 whereas the equation 2 can be chosen.
Step 2: identify positive-ideal ( P+ ) and negative ideal ( N − ) solutions.
The fuzzy positive-ideal solution and negative one are shown in the following equations:
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Where P+ is associated with benefit criteria and N − is associated with cost criteria.
Step 3: Calculate the distance of each alternative from P+ to N − using following equations:
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where the index value is the score of alternative and lies between zero and one
3.2. Back-propagation (BP) neural network model
A typical BP neural network is a multi-hierarchic feedback structure, which is to adjust the network 
weights through back-propagation algorithm, including input layer, hidden layer and output layer. The 
network learning process involves forward propagation and back propagation. Information from input 
layer is treated through hidden layer, and transmitted to output layer in the forward propagation process. 
If the output value can not be the desired, error signal should return along the original connection path in 
back propagation process. The error of output layer node should transmit reversely to input layer to adjust 
the connection weights and thresholds to adapt the requirements of mapping. The model structure of BP 
neural network is given in figure 2.
input output
Fig. 2. BP neural network model structure
(1)
(2)
(3)
(4)
(5)
(6)
(7)
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BP neural network has the good mapping ability to all functions. A certain number of known samples 
are required to train the network before using it to evaluate. In this paper, the scores of different firms'
BIS, determined by fuzzy TOPSIS method, are as the desired output of training samples of BP neural 
network. Through network learning process, connection weights and thresholds are constantly adjusted so 
that the output of network close to the desired output to meet the mapping.
4. Application
We choose BIS of 15 companies in telecommunication industry for study, and use BP neural network 
method for simulation based on fuzzy TOPSIS. The concrete steps are proposed as follows:
Firstly, we use AHP to get each index weight and normalized. For instance, we choose the pair wise 
comparisons with respect to goal to calculate local weights. The details are given in Table 1 and Table 2.
Table 1. The pair wise comparisons with respect to goal
O A B C D Weight Related values Consistency test
A 1 5 1/3 3 0.2282 maxλ 4.236003 CR=0.087409
B 1/5 1 1/5 1/2 0.0796 CI 0.078668 <0.10
C 3 5 1 3 0.5543 RI 0.9 It has passed the 
D 1/3 2 1/3 1 0.1379 consistency test.
Table 2. The final weights of 18 indicators
Index A1 A2 A3 A4 A5 A6 B1 B2 B3
Weight 0.010 0.055 0.011 0.011 0.034 0.018 0.017 0.009 0.041
Index B4 C1 C2 C3 C4 D1 D2 D3 D4
Weight 0.013 0.335 0.124 0.035 0.060 0.037 0.018 0.061 0.219
Secondly, we select an expert to grade 18 indicators on a basis of 4 evaluation levels, which are [0.91-
1.00] for better, [0.81-0.90] for good, [0.71-0.80] for general, and [0.61-0.70] for poor.
Thirdly, we choose fuzzy TOPSIS method to determine synthetically scores of 15 companies’ BIS. 
There is no need for normalization because 18 indicators are benefit and belong to [0,1]. The fuzzy 
positive-ideal solution and negative-ideal one can be found among 15 companies by Eq. (3) and (4), then 
the distance between each company and the fuzzy positive-ideal solution and negative-ideal one can be 
calculated by Eq. (5) and (6) respectively. Thus, final step solves the similarities to an ideal solution by 
Eq. (7). The final evaluation results are given in Table 3.
Table 3. The final scores of 15 firms’ BIS
F F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 F11 F12 F13 F14 F15
S 0.49
1
0.49
3
0.49
9
0.49
6
0.50
7
0.50
4
0.49
2
0.48
7
0.50
9
0.51
4
0.49
4
0.49
8
0.48
8
0.49
5
0.50
0
Fourth, we establish a BP neural network to comprehensively evaluate the BIS. The input layer nodes 
of neural network are 18 indicators, and the output layer nodes are synthetically scores of different 
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companies' BIS. According to the empirical formula and several simulation comparisons and taking the 
evaluation error and network time into consideration, we ultimately determine the hidden layer nodes are 
12. The hidden layer nodes and the output layer nodes are selected logsig function as activation function 
and transfer one, and trainlm function is used as training one. The learning rate of correction weight is 
1%. The training error is 0.001. The maximum training number is 50. Modelling and network training are 
achieved in the Mat lab software platform.
To train and test the network, we select index values of top 12 firms as input data of training samples, 
and synthetically scores as the desired output. The data set from 13 to 15 firms is as test set. The error 
graph can output as shown in first picture of figure 3 when performance function and error precision meet 
the requirements.
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Fig.3. (a) BP neural network training error graph; (b) BP neural network testing results 
From the above results, we can see the training speed is quickly, and after two iterations the required 
accuracy is achieved. We can input the trained network three firms’ data to be tested for simulation. To 
observe conveniently, we use Mat lab software to output simulation chart, in which the outputs are 
compared with the desired ones. The contrast results are shown in the second picture of figure 3.
From the figure 4, we can find the simulated output values are much closed to the desired ones. As 
shown in table 4, the score ranking of three companies’ BIS hold the line before and after simulation, and 
the relative errors are small. In short, the approach from network to discrete points works well.
Table 4. The comprehensive evaluation results of BP neural network
Firm The score of fuzzy TOPSIS ranking BP neural network ranking Relative error
F13 0.4881 3 0.4941 3 1.2292%
F14 0.4949 2 0.4971 2 0.4439%
F15 0.5002 1 0.4983 1 -0.3861%
In practice, we can use BP neural network to evaluate as long as the index values of BIS are given.
5. Conclusion 
Comprehensive evaluation of BIS is a complex task in engineering. In order to guide the construction 
and implementation of the system engineering better, this paper has built a hierarchical BIS engineering
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comprehensive evaluation index system on a basis of fully understand research situation. Because various 
indicators have different ultimately influences on BIS, AHP method is selected to determine index 
weights which is decomposition of a complex system to make people easy to understand and accept. To 
avoid subjective impact and uncertainty of human during evaluation process, the overall evaluation 
method of BP neural network based on fuzzy TOPSIS is discussed. This method not only uses accurate 
mathematical means to deal with fuzzy objects to realize a scientific and quantitative evaluation for fuzzy 
information, but simulates the expert system for quantitative evaluation of BIS to ensure objectivity and 
versatility of results. The final simulation experiment confirmed BP neural network method has a strong 
applicability in overall evaluation of BIS to provide guidance for use of BIS successfully in enterprises.
Although the paper has made above achievements, we are still to study it further because of the 
limitations of BP neural network itself, including the BP algorithm is easy to fall into local optimum, and 
training a network has a large possibility to failure and so on. A direction research in the future is how to 
better improve the generalization performance of BP neural network.
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